**Core tip:** Precise determination of HER2 status is crucial for the appropriate use of HER2-targeted therapy in gastric cancer patients. Our study investigated the association between serum HER2 extracellular domain (ECD) and tissue HER2 status, and also determined the prognostic value of serum HER2 ECD in a large cohort of patients. Serum HER2 ECD could provide an easily accessible surrogate marker for tissue HER2 status, with high specificity. Furthermore, high serum HER2 ECD had a negative impact on overall survival in patients with gastric cancer.

INTRODUCTION
============

Patients with advanced gastric cancer positive for human epidermal growth factor receptor 2 (HER2) expression or gene amplification may benefit from HER2-targeted therapy\[[@B1]\]. Accurate determination of HER2 status is therefore crucial for the appropriate use of such therapy, as emphasized in the National Comprehensive Cancer Network Clinical Practice Guidelines in Oncology\[[@B2]\]. These guidelines recommend the use of immunohistochemistry (IHC) and fluorescence *in situ* hybridization (FISH) to assess HER2 overexpression. However, these recommended methods have some limitations. First, a 13% discordancy rate has been reported between the results of IHC and FISH assays\[[@B3]\]. This discrepancy might be partly due to the fact that IHC detects protein expression on the tumor cell surface, while FISH detects gene amplification in the tumor cell nucleus. Second, IHC is semi-quantitative and notoriously subjective, while FISH is time-consuming and relatively expensive. Third, HER2 status might change during trastuzumab therapy\[[@B4]\], and neither IHC nor FISH are effective assays for reflecting the real-time scenario of HER2 status\[[@B5]\]. More convenient and reproducible detection methods are therefore needed to identify HER2-positive gastric cancer, thus facilitating the appropriate and effective use of HER2-targeted therapy\[[@B6]\].

Noninvasive serum HER2 extracellular domain (ECD) assay has the potential to supplement existing HER2 tests\[[@B5]\]. HER2 ECD is the extracellular fragment of the HER2 protein, which is located on the surface of tumor cells and may be released into the circulation by shedding. Detection of serum HER2 ECD could thus provide additional information on HER2 status. Compared with tissue specimens, blood samples are readily accessible and can be obtained repeatedly, making serum HER2 ECD assay an ideal tool for the dynamic monitoring of tumor phenotype. Moreover, the approved automatic detection platforms\[[@B7]\], could be used to measure serum HER2 ECD levels objectively and reliably. The clinical relevance of serum HER2 ECD has been investigated extensively in breast cancer, and good concordance has been reported between serum HER2 ECD levels and HER2 status in the primary tumor site\[[@B8]-[@B10]\]. Generally, high serum HER2 ECD levels in patients with metastatic breast cancer were correlated with high risk of disease progression, decreased survival, and reduced response to treatment\[[@B11]-[@B13]\]. Several studies have also investigated the clinical significance of serum HER2 ECD in gastric cancer\[[@B14]-[@B16]\]. However, differences in detection methods and patient enrollment across studies have led to inconsistent results regarding the associations among serum HER2 ECD concentrations, tissue HER2 status, and patient outcome. Further studies are therefore urgently needed to provide more solid data\[[@B17]\].

Here, we conducted a retrospective study in a large cohort of patients with gastric cancer to investigate the relationship between serum HER2 ECD concentration and tissue HER2 status, and to determine the prognostic value of serum HER2 ECD.

MATERIALS AND METHODS
=====================

Patient enrollment
------------------

This study was approved by the Research Ethics Committee of the Chinese People's Liberation Army General Hospital. A total of 239 consecutive patients with histologically and pathologically confirmed gastric cancer treated between December 2012 and June 2013 were included. Written informed consent was obtained from the patients. Fasting blood samples were collected the day after admission to hospital, and then stored at -80 °C until analysis. Clinicopathological variables including age, gender, tumor location, tumor size, tissue HER2 status, and survival time were collected. Patients were followed up every 3 mo for the first 2 years, every 6 mo for the next 3 years, and every 1 year after 5 years.

Tissue HER2 status evaluated by IHC and FISH
--------------------------------------------

HER2 IHC was performed as described previously\[[@B18]\]. In brief, tumor specimens were fixed in 10% neutral-buffered formalin overnight and embedded in paraffin blocks. Sections (4 μm) were cut from the tissue paraffin blocks, and IHC was performed using HercepTest II™ (Dako, Denmark) according to the manufacturer's instructions. This process was conducted at the Department of Pathology, Chinese People's Liberation Army General Hospital. IHC sections were reviewed by experienced pathologists and were scored for HER2 expression according to the criteria used in the ToGA trial\[[@B1]\]. If tissue HER2 expression was scored as 2+, a further FISH assay was performed with Abbott-Vysis PathVysion™ (Abbott Laboratories, United States) according to the manufacturer's protocol. Tumor specimens with a HER2:CEP17 signal ratio ≥ 2.0 or 3+ IHC staining intensity were judged as HER2-positive.

Serum HER2 ECD assay
--------------------

Serum HER2 ECD concentrations were measured by chemiluminescence immunoassays using the ADVIA Centaur System (Siemens Diagnostics, United States) with a detection range of 0.5-350 ng/mL. The assays were conducted in strict adherence with the manufacturer's instructions and blinded to clinical outcomes.

Statistical analysis
--------------------

Overall survival (OS) was defined as the period from surgery to death from any cause, and patients who were alive were censored at the last follow-up. Survival curves were plotted by the Kaplan-Meier method, and log-rank tests were used to compare curves. Receiver operating characteristic (ROC) curves were plotted to investigate the diagnostic role of serum HER ECD for tissue HER2 status. Youden's index (sensitivity + specificity - 1) was used to determine the optimal cut-off value from the ROC plot. The associations between serum HER2 ECD concentrations and clinicopathological variables were investigated using χ^2^ tests. Student's *t* test and Mann-Whitney test were used for analysis of continuous variables. Statistical analyses were performed and presented using GraphPad Prism 6. A two-sided *P* value \< 0.05 was considered significant.

RESULTS
=======

Patient characteristics
-----------------------

A total of 239 patients with gastric cancer were enrolled in the study. The patient characteristics are shown in Table [1](#T1){ref-type="table"}. The median age was 61 years (range: 23-89 years), and there were 167 (69.9%) men and 72 (30.1%) women. All tumors were adenocarcinomas. According to the American Joint Committee on Cancer 7th edition, 39 (16.3%) patients had stage I, 78 (32.6%) had stage II, 102 (42.7%) had stage III, and 20 (8.4%) had stage IV tumors. Tumors were classified as intestinal- and diffuse-type in 104 (43.5%) and 135 (56.5%) patients, respectively.

###### 

Clinicopathological characteristics

  **Variables**                            **No. of patients**   **Percent**
  ---------------------------------------- --------------------- -------------
  Age (range, 23-89, yr)                                         
  ≥ 60                                     126                   52.7
  \< 60                                    113                   47.3
  Gender                                                         
  Male                                     167                   69.9
  Female                                   72                    30.1
  Smoking status                                                 
  Never                                    61                    25.5
  Ever                                     178                   74.5
  Tumor location                                                 
  GEJ                                      41                    17.2
  Non-GEJ                                  198                   82.8
  Tumor size                                                     
  ≥ 5 cm                                   102                   42.7
  \< 5 cm                                  137                   57.3
  pTNM stage                                                     
  I                                        39                    16.3
  II                                       78                    32.6
  III                                      102                   42.7
  IV                                       20                    8.4
  Lauren classification                                          
  Intestinal type                          104                   43.5
  Diffuse type                             135                   56.5
  Tissue HER2 status (IHC/FISH)                                  
  Positive                                 39                    16.3
  Negative                                 200                   83.7
  Serum HER2 ECD (ng/mL), median (range)   10.5 (4.2-190.2)      

GEJ: Gastroesophageal junction; HER2: Human epidermal growth factor receptor-2; ECD: Extracellular domain; IHC: Immunohistochemistry; FISH: Fluorescence *in situ* hybridization.

Regarding tissue HER2 status, 150 patients were IHC 1+/0 according to IHC staining, 70 were IHC 2+, and 19 were IHC 3+. Patients with IHC 2+ expression were subjected to FISH assay, and 20 of these patients demonstrated gene amplification (Figure [1](#F1){ref-type="fig"}). According to the criteria in the ToGA trial, there were 200 (83.7%) HER2-negative and 39 (16.3%) HER2-positive cases.

![Representative gene amplification results of fluorescence *in situ* hybridization. A: Cases with HER2:CEP17 signal ratio \> 2.0; B: Cases with HER2: CEP17 signal ratio \< 2.0.](WJG-23-1836-g001){#F1}

Predictive performance of serum HER2 ECD for tissue HER2 status
---------------------------------------------------------------

The median serum HER2 ECD concentration among the enrolled patients was 10.5 ng/mL (range: 4.2-190.2 ng/mL). Patients with HER2-positive gastric cancer had significantly higher serum HER2 ECD levels than those with HER2-negative gastric cancer (*P* \< 0.001) (Figure [2A](#F2){ref-type="fig"}). The median serum HER2 ECD concentrations in HER2-positive and HER2-negative patients were 25.2 ng/mL (range: 7.3-190.2 ng/mL) and 9.9 ng/mL (range: 4.2-77.7 ng/mL), respectively.

![Serum HER2 ECD concentrations in patients with tissue HER2-positive and HER2-negative gastric cancer (A) and receiver operating characteristic curve plot of serum HER2 ECD for tissue HER2 status (B).](WJG-23-1836-g002){#F2}

To investigate the predictive potential of serum HER2 ECD for tissue HER2 status, we initially choose a cut-off value of 15.0 ng/mL, as recommended for breast cancer by the Food and Drug Administration (FDA). The sensitivity and specificity were 0.59 (95%CI: 0.42-0.74) and 0.83 (95%CI: 0.77-0.88), respectively (Table [2](#T2){ref-type="table"}). The ROC plot showed an area under the curve value of 0.79 (95%CI: 0.71-0.87, *P* \< 0.001) (Figure [2B](#F2){ref-type="fig"}). Youden's index yielded an optimal cut-off value of 24.75 ng/mL, with a sensitivity and specificity of 0.54 (95%CI: 0.37-0.70) and 0.93 (95%CI: 0.88-0.96), respectively.

###### 

Diagnostic performance of serum HER2 extracellular domain for tissue HER2 status at different cut-off values

  **Cut-off values (ng/mL)**              **True positive**   **False positive**   **True negative**   **False negative**   **Sensitivity (95%CI)**   **Specificity (95%CI)**
  --------------------------------------- ------------------- -------------------- ------------------- -------------------- ------------------------- -------------------------
  15.00[1](#T2FN1){ref-type="table-fn"}   23                  35                   165                 16                   0.59 (0.42-0.74)          0.83 (0.77-0.88)
  24.75[2](#T2FN2){ref-type="table-fn"}   21                  15                   185                 18                   0.54 (0.37-0.70)          0.93 (0.88-0.96)

Value recommended by FDA for breast cancer;

Value determined by Youden's index in ROC plot.

Survival analysis
-----------------

There were 93 deaths after a median follow-up time of 33 mo (range: 19-42 mo). The Kaplan-Meier curves are shown in Figure [3](#F3){ref-type="fig"}. Survival analysis demonstrated no significant difference in survival time between patients with HER2-positive and those with HER2-negative gastric cancer. The median OS in patients with HER2-positive gastric cancer was 37 mo, compared with 38 months in patients with HER2-negative gastric cancer (HR: 1.46 (0.92-2.73), *P* = 0.11) (Figure [3A](#F3){ref-type="fig"}). There was also no difference in survival time between patients with serum HER2 ECD levels ≥ 15.0 ng/mL and those with levels \< 15.0 ng/mL \[median time: 37 mo *vs* 38 mo, HR: 1.37 (0.87-2.36), *P* = 0.17\] (Figure [3B](#F3){ref-type="fig"}). However, using a cut-off point of 24.75 ng/mL (determined by Youden's index in the ROC plot), patients with higher serum HER2 ECD levels had significantly shorter survival compared with patients with lower serum HER2 ECD \[median time: 36 mo *vs* 38 mo, HR: 1.93 (1.32-4.38), *P* = 0.006\] (Figure [3C](#F3){ref-type="fig"}).

![Kaplan-Meier curves for overall survival. A: Overall survival in patients with HER2-positive and HER2-negative gastric cancer; B: Serum HER2 extracellular domain (ECD) level \< 15 ng/mL and serum HER2 ECD ≥ 15.0 ng/mL; and C: Serum HER2 ECD \< 24.75 ng/mL and serum HER2 ECD ≥ 24.75 ng/mL.](WJG-23-1836-g003){#F3}

Correlations between serum HER2 ECD levels and clinicopathological variables
----------------------------------------------------------------------------

We divided the enrolled patients into high-and low-serum HER2 ECD groups based on the cut-off value of 24.75 ng/mL. High serum HER2 ECD concentrations were significantly correlated with large tumor size (*P* \< 0.001), intestinal type (*P* = 0.021), and tissue HER2 status (*P* \< 0.001) (Table [3](#T3){ref-type="table"}).

###### 

Association between clinicopathological variables and serum HER2 extracellular domain concentrations *n* (%)

  **Variables**                   **Serum HER2 ECD concentrations**   ***P* value**   
  ------------------------------- ----------------------------------- --------------- ----------
  Age (yr)                                                                            0.474
  ≥ 60                            17 (47.2)                           109 (53.7)      
  \< 60                           19 (52.8)                           94 (46.3)       
  Gender                                                                              0.396
  Male                            23 (63.9)                           144 (70.9)      
  Female                          13 (36.1)                           59 (29.1)       
  Smoking status                                                                      0.452
  Never                           11 (30.6)                           50 (24.6)       
  Ever                            25 (69.4)                           153 (75.4)      
  Tumor location                                                                      0.573
  GEJ                             5 (13.9)                            36 (17.7)       
  Non-GEJ                         31 (86.1)                           167 (82.3)      
  Tumor size                                                                          \< 0.001
  ≥ 5 cm                          27 (75.0)                           75 (36.9)       
  \< 5 cm                         9 (25.0)                            128 (63.1)      
  Type of gastrectomy                                                                 0.266
  Total                           21 (58.3)                           98 (48.3)       
  Subtotal                        15 (41.7)                           105 (51.7)      
  Type of surgery                                                                     0.730
  Open                            25 (69.4)                           135 (66.5)      
  MIS                             11 (30.6)                           68 (33.5)       
  Lymph node involvement                                                              0.419
  Positive                        22 (61.1)                           138 (68.0)      
  Negative                        14 (38.9)                           65 (32.0)       
  pTNM stage                                                                          0.576
  I                               6 (16.7)                            33 (16.3)       
  II                              12 (33.3)                           66 (32.5)       
  III                             13 (36.1)                           89 (43.8)       
  IV                              5 (13.9)                            15 (7.4)        
  Lauren classification                                                               0.021
  Intestinal type                 22 (61.1)                           82 (40.4)       
  Diffuse type                    14 (38.9)                           121 (59.6)      
  Tissue HER2 status (IHC/FISH)                                                       \< 0.001
  Positive                        21 (58.3)                           18 (8.9)        
  Negative                        15 (41.7)                           185 (91.1)      

GEJ: Gastroesophageal junction; HER2: Human epidermal growth factor receptor-2; ECD: Extracellular domain; MIS: Minimally invasive surgery; IHC: Immunohistochemistry; FISH: Fluorescence in situ hybridization.

DISCUSSION
==========

The clinical application of serum HER2 ECD has been extensively investigated in breast cancer, and has shown promising diagnostic and prognostic potentials\[[@B5]\]. However, investigations of its role in gastric cancer remain in the initial stages, and inconsistent results related to the use of different assays and cut-off values\[[@B16]\] highlight the need for further studies in this field\[[@B17]\].

The current study enrolled 239 patients, which, to the best of our knowledge, comprises the largest cohort to date in studies using the chemiluminescence immunoassay method to determine serum HER2 ECD concentrations. Our results showed that patients with HER2-positive gastric cancer had higher serum HER2 ECD concentrations than patients with HER2-negative gastric cancer. Furthermore, there was a significant association between tissue HER2 status and serum HER2 ECD levels. Moreover, high serum HER2 ECD concentrations were correlated with tumor size, suggesting that circulating HER2 ECD might be released from tumor cells. The ROC plot yielded an optimal sensitivity and specificity of 0.54 and 0.93, respectively, indicating that the serum HER2 ECD assay had high value for identifying patients with HER2-negative expression. Furthermore, our study also showed that serum HER2 ECD concentrations ≥ 24.75 ng/mL had a negative impact on OS in patients with gastric cancer, and could thus be a useful prognostic indicator.

Using the cut-off value of 15.0 ng/mL recommended for breast cancer by the FDA, we observed no survival difference between patients with high and low serum HER2 ECD concentrations. However, our ROC analysis identified the higher level of 24.75 ng/mL as the optimal cut-off value. A previous study reported similar results, and calculated an optimal cut-off value of \> 15.0 ng/mL from an ROC plot\[[@B19]\]. These results suggest that the value of 15.0 ng/mL recommended by the FDA for breast cancer might not be suitable for gastric cancer. There were also different HER2 gene amplification criteria for breast cancer and gastric cancer; a HER2:CEP17 signal ratio \> 2.2 was considered to indicate as HER2-positive tumor eligible for trastuzumab therapy in breast cancer patients\[[@B20]\], whereas a HER2:CEP17 signal ratio \> 2.0 was considered to indicate HER2-positive gastric cancer in the ToGA trial\[[@B1]\]. The cut-off value of 24.75 ng/mL identified in the current study may therefore be more appropriate for gastric cancer, but more studies in clinical settings are needed to confirm the optimal cut-off value.

In addition to its diagnostic and prognostic potentials, serum HER2 ECD levels have other promising clinical values. Because serum HER2 ECD can be measured rapidly and repeatedly, monitoring HER2 ECD levels at different times might yield clinically meaningful data. Oyama et al\[[@B15]\] found that changes in serum HER2 ECD levels during chemotherapy were significantly correlated with response to chemotherapy in patients with HER2-positive tumor tissue. More recently, patients with higher baseline serum HER2 ECD were shown to have a better response rate before initiation of trastuzumab treatment\[[@B21]\]. These results demonstrated that serum HER2 ECD could be a predictor of response to chemotherapy. The results of our study showed a significant association between high serum HER2 ECD level and tumor size. It is therefore reasonable to speculate that serum HER2 ECD level might correlate with tumor recurrence. However, no studies have yet reported on this relationship in gastric cancer patients, and we plan to conduct such experiments in the future.

In conclusion, this study showed that serum HER2 ECD could be a highly specific surrogate biomarker for tissue HER2 status in patients with gastric cancer. Furthermore, serum HER2 ECD levels ≥ 24.75 ng/mL may be associated with poorer OS. Further prospective studies in clinical settings are needed to validate the eligibility of serum HER2 ECD for predicting response to chemotherapy and tumor recurrence in gastric cancer.

COMMENTS
========

Background
----------

The ToGA trial demonstrated that patients with advanced gastric cancer, positive for human epidermal growth factor receptor 2 (HER2) expression or gene amplification, could benefit from HER2-targeted therapy. However, there are some limitations for current methods to accurately determine HER2 status. More convenient and reproducible detection methods to identify HER2-positive gastric cancer are needed.

Research frontiers
------------------

This study investigated the association between serum HER2 extracellular domain (ECD) and tissue HER2 status as well as the prognostic value of serum HER2 ECD in a large cohort of patients.

Innovations and breakthroughs
-----------------------------

There were different levels of serum HER2 ECD between patients with HER2-positive tissue expression and those with HER2-negative tissue expression. High serum HER2 ECD had negative impact on patient overall survival \[hazard ratio: 1.93 (95%CI: 1.32-4.38), *P =* 0.006\].

Applications
------------

Serum HER2 ECD could be a surrogate biomarker for tissue HER2 status with high specificity.

Terminology
-----------

The HER2 ECD, the extracellular fragment of HER2 protein, locates on the surface of tumor cells and could be released into the circulation by shedding.

Peer-review
-----------

The manuscript is very interesting, and it has several important new findings on gastric cancer therapy. It is of particular notice the use of serum HER2 as a predictive biomarker for tissue HER2 status and prognosis, which seems to be a potential new tool to improve the treatment of gastric cancer.
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